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From our range of Firebricks, w 
High Alumina Bricks and Basic . 

Bricks we are in a position to 

supply the correct type of : 
refractory to suit all zones in a ; “ 
Rotary Cement Kilns and also 
in Cement Coolers. Made in 
modern plants under carefully 
controlled conditions, all our 
refractory products possess the 
necessary properties for 
long and dependable life. 


Preheating and Inter- 
mediate Zones — 
Thistle, Nettle and Stein 
50 Firebricks. 


Burning Zone — 

Stein 63 and Stein 70 High 
Alumina Bricks and Stein 
Mag C Magnesite Chrome 
Brick. 


3% Copies of our Pamph- 
lets Nos. 1 and 2 will be 
gladly sent on request. 


JOHN G6. STEIN & €° L'? Bonnybridge. Scotland 


Telephone: BANKNOCK 255 (4 lines) 
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REMIND 
YOU 


after 20 years’ unbroken 
service “SLUGOIDS” are 
as popular as ever... 
If you are not getting 
the maximum output 
from your mills, write 
to us. “SLUGOIDS” may 
put matters right. 


SLUGOIDS 


Regd. 532240 


KNOWN ALL OVER THE WORLD 


HELIPEBS Hs 
WeESTES 
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8 reasons 
for using 


——+— GNECON 
__| |" ZONE LININGS 


ere eve ar rotary Cement Kilns 
ene | eg it subject to chemical attack at highest 
pen el ng temperatures. 


ithstand kiln shut-downs without spalling. 


er ee ae ot disintegrate from thermal contraction. 


Pea a etter than average hydration resistance. 


ee ee lild up coating very rapidly. 


e to maintain coating during operation and 
vuriny shut-downs. 


rs diet 
Ng ooo . i 
ra 7 Will give increased cement production per lining. 
8 Will save maintenance time and cost. 


MAGNECON is recognised in many Countries as the 
ideal basic lining for the production of Portland Cement. 


CONSETT IRON CO. 


LIMITED 
CONSETT - CO. DURHAM -: ENGLAND » 
a» 


(la 
TELEPHONES: CONSETT 341 (12 LINES). TELEGRAMS: STEEL, PHONE, CONSETT 
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DAYLOR 


CIRCULAR DUST 
COLLECTORS 





The Mechanism shown above is standard and is robustly built 
for 24-hours’ operation. 


J. DARNLEY TAYLOR LTD. 


undertake the design and installation of complete 
Dust Collection plants, including 
ducting. 


Our machines are extensively used on Packing Plants, Grinding Mills, Screening 
and Crushing Plants, for the collection of Cement, Gypsum, Lime and Stone 
dusts, etc. 

With many plants already giving first-class performances, our Collectors are sold 
mainly on reputation and incorporate cyclone and filter sleeve principles, with 
fully auto-scavenging and rapping cleaning mechanism. 


May we help you with your problem? Write or telephone to: 
100 VICTORIA STREET, LONDON, S.W.1. Telephone: ViCtoria 5677 
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for all industrial 
requirements 


Air Washers and Heaters—Pneumatic Conveyance 
Air Conditioning and Dust Collecting Plant 





DAVIDSON & CO., LTD. 


SIROCCO ENGINEERING WORKS 
BELFAST, NORTHERN IRELAND 


LONDON - MANCHESTER 





GLASGOW - LEEDS -: CARDIFF 
NEWCASTLE - BIRMINGHAM 
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~ FULLER- PLANT 


for efficient cement production 





ee ee 


among its many advantages are 


(l) Effective air quenching. 

| (2) Effective heat recovery,'because secondary combustion-air passes through the hottest zone of the clinker hed. 

} (3) Fuel savings by highly preheating secondary combustion-air and by raising ignition speed of fuel. 

(4) High-temperature combustion-air per- 
mits low-volatile coal, and coal with 
high moisture content, to be used. 

(5) Increase in grindability of clinker. 

Take advantage of Fuller’s long experience in 

materials handling and cooling. A talk with 

one of our engineers may lead to more pro- 
fitable operation. 
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POLYSIUS Ltd. 


Tee BRACKENS, ASCOTZJBERKS 
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VISCO 
IN CEMENT & LIME WORKS 





In all kinds of works’producing powdered material, e.g., 
cement, lime, soap powder, flour, chemicals, fertilizers, 
“‘ Visco-Beth ” Automatic Dust Collectors have proved 
highly successful in getting rid of the Dust Nuisance. Waste 

has been eliminated, output increased, “‘ costs ” reduced, and 

buildings and machinery kept free from dust. 


So satisfactory {have “ Visco-Beth” 
Automatic Dust Collectors proved 
that repeat orders have been received 
from several makers of cement, lime 
and other materials in powder, 
granular, or fibrous form. 


We illustrate a “ Visco-Beth” Col- 
lector at the Shoreham Works of 
A.P.C.M., Ltd. 


Similar equipment has been installed 
by Messrs. Horrocks Lime Co., Ltd. 
Lancs. 


The “Visco-Beth ” system of Automatic 
Dust Collection is described in a pro- 
fusely illustrated brochure, List No. 532. 
Write and we will send this, 





| Consult us on your Dust problem. 


Phone: Croydon 4181 


| VISCO ENGINEERINGCO.LTD. STAFFORD RD. CROYDON 
@ @ ALSO MAKERS OF WATER COOLING PLANT AND AIR FILTERS @ @ 
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fans 
for 
heavy duties 


Regardless of size— no matter what 
type—if it’sa fan for use in the Cement 
Industry contact Keith Blackman. 
Fans for KILN DRAUGHT 
SECONDARY AIR 
CLINKER COOLING 
DUST REMOVAL 
KILN COAL FIRING 
SACK CLEANING 
CONVEYING 
BOILER DRAUGHT 
VENTILATING 


Write for the fully illustrated Booklet No. 25/31 


Keith Blackman Ltd 


MILL MEAD ROAD LONDON N17 


APPLICATION: induced draught 
for rotary cement kiln. 

TYPE: ‘Tornado’ 80” dia. HIGH 
EFFICIENCY blower with heavyduty 
casing and impeller. 

DUTY: 62,000 c. ft. of gases per min. 
at 415°F, against 5.7” twe. 





TA 7224/6098 


THE CHEMISTRY OF CEMENT 


Papers by world-famous authorities (together with the discussions) 
presented to the Third International Symposium on The Chemistry of 
Cement held in London in 1952. 908 pages. 

Price by post 62s. 15 dollars in Canada and U.S.A. 


Constitution—Tricalcium silicate phase, by J. W. Jeffery (U.K.). Dicalcium silicate 
phase, by R. W. Nurse (U.K.). Interstitial phases, by H. Insley (U.S.A.). Ferrite phase, 
by G. Malquori and V. Cirilli (Italy). Alkali phases, by T. F. Newkirk Soy Tricalcium 


aluminate, by F. Ordway (U.S.A.). Constitution of clinker, by R. H. 


gue (U.S.A.). 


Setting and Hardening—Structure of hydration compounds, by J. D. Bernal (U.K.). 
Reactions and thermochemistry of hydration at ordinary temperature, by H. H. Steinour 
(U.S.A.). Hydration at elevated temperatures, by G. L. lousek (U.S.A.). Physical 
structure of cement products and durability, by F. E. Jones (U.K.). Chemical aspects of 
durability of cement products, by T. Thorvaldson (Canada). 


Special Cements—Constitution of aluminous cement, by T. W. Parker (U.K.). Slag 
cements, by F. Keil (Germany). Expansive cements, by H. Lafuma (France). Oil-well 
cements, by W. C. Hansen (U.S.A.). Masonry cement, by Charles E. Wuerpel (U.S.A.). 


Applications of Research—Thermodynamics of the kiln, by H. Gygi and F. Guye 
(Switzerland). Influence of the fineness of raw mixtures on burnability, by T. Heilmann 
(Denmark). Design and construction of concrete structures, by A, R. Collins (U.K.). 
Special uses of cement in U.S.A., by M. A. Swayze (U.S.A.). 


Obtainable from 


CONCRETE PUBLICATIONS LTD. 
14 Dartmouth Street, London S.W.1 








ABCC 
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LL gear cutting 


WITH ATTRACTIVE DELIVERIES of machine cut 


gears for heavy industrial drives. 













Gears up to 14 ft. diameter can be supplied complete, 
finished machined from clients’ material or cut from 

fully machined blanks. 

To avoid delay enquiries should be 

accompanied by fully dimensioned 


drawings. 






Two ton cast -steel bevel 
ear, 70 teeth, 3 in. pitch, 







THE 
DAVID BROWN 


‘or 150 ton floating crane 
CORPORATION (SALES) LIMITED 


on the Suez Canal. 
-> 
“ oc. 
» JACKSON DIVISION 


b ae SALFORD WORKS HAMPSON STREET 
nN Pe MANCHESTER 5 


y ix ‘ o 


Sr 















i 
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Unless specially built for the purpose, rubber hose 
subjected to oil or acid contamination will be per- 
manently damaged — its life will be cut, and operating 
losses will result. 

Every Goodyear hose is ‘job-designed’ to give 
maximum efficient life, and with proper installation 
and maintenance, will outlast all others. 


o 
ey 


ATES, 


VAG 
> Ne 


Designed for use with air com- 
pressors and light or medium tool 
service. Lubricants in the air will 
not cause the tube to swell. The 
controlled bore makes it ideal for 
use with couplings. 





~: Goodyear Hose makes work flow faster —at lower cost 


oe GoOooD FY EE ARR wnoustei nvsser prooucts 


ar 
wes INDUSTRIAL HOSE - TRANSMISSION BELTING - V-BELTS - CONVEYOR BELTS 









aanneenneeEnenennman 





January, 1956 CEMENT AND LIME MANUFACTURE 


PacE xiii 





We specialise in complete Kiln Firing Plants 
or in unit machines including Central- 
shaft Ball Mills, Trunnion Ball Mills, Ring 
Roll Mills, etc. We are prepared to supply 
to anywhere in the world. 


Also Mechanical Handling Equipment, 
Pulverised Fuel Installations, Crushing, 
Grinding. Air Separating, Drying Plants, 
etc. 






BRIT ISH “REMA’ MANUFACTURING CO. LTD. 
PROPRIETORS: EDGAR ALLEN & CO. LIMITED 


~ IMPERIAL STEEL WORKS - SHEFHIELD 9. 


BRI! 
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STEEL 
JOINTING 
SHEETS 


for 


BASIC BRICKS 





Al és 
Keen es F 

pr! 

Produced in Sheet Steel in all 

thicknesses from 21 gauge to }’. 

For easy handling, all products are 

packed in bundles of 25 or 50 


according to weight and marked 
to customer's specification. 


UBES 
TAPHOLE T = 


SOLE MANUFACTURERS TO THE 
CHROME-MAGNESITE BRICKMAKERS ASSOCIATION 


FLOUCH GARAGE and 
ENGINEERING COMPANY 





HAZLEHEAD " HEFFIELD 
YORKSHIRE 
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Alite 


SUPER REFRACTORIES 
for 
CEMENT & LIME WORKS 


High Alumina bricks and 
special shapes for Rotary and 
Shaft kilns. Full details 
available on request. 


: Alite Alumina —_—Retractoriness : 


: No.1 69-72% CONE 37-38 } 
: B.1 62-64%, 36 ; 
: B. 57-59% 36 : 
? D. 39-42%, 33 | 
Ecanguanesionsennscis dnianionnsne soseassocied 


High-Temperature Insulating Bricks. 
‘“PEER’’ Air-Setting Refractory 
Cements. 
“R” Quality Firebrick for lower 
temperature work and resistance to 
abrasion. 





E. J. & J. PEARSON LIMITED 
STOURBRIDGE, ENGLAND 





January, 1956 


~~ — 








~~ generis 


and Western Europe. 
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THE HIGH-CAPACITY AUTOMATIC 





Top of Kiln 


‘“LOESCHE” KILN 
INSTALLATIONS 
now on order or build- 
ing in Australia, New 
Zealand (North and 
South Islands), Japan, 


DELO 


138 BOROUGH HIGH STREET, LONDON, S.E.1. 


(ENGINEERS), 


TEL. : HOP 0085/6. Telegrams : Claycomp, Sedist, London 


VERTICAL 
KILN 


Forty years’ continuing development based on 
the original principle of the patent of 1912 
(then acquired by us) gives us an unequalled 
background of experience. During this period 
output per kiln has increased from 40 to 50 
tons per day up to 190 or even 200 tons per 
day in some cases. 

The introduction from time to time by others 
of designs which have since been discarded has 
served to confirm the correctness of our line of 
development. 

Production of high-quality Portland cement 
clinker is combined with the advantages of:— 
Lower heat requirement of about 1700-1800 
B.T.U. per Ib. of clinker; power requirement of 
only 15-16 h.p.h. per ton; small space require- 
ment 0: aoouc 10 square yards; easy adjustment 
of output by shutting down for shifts or for 
days and restarting simply by switching on 
Blower; lower initial cost of plant. 





Hydraulically-operated discharge chutes 


LTD. 


ASSOCIATED WITH 
Clayton Equipment Co., Ltd., Hatton, Derby, and Loesche H.u.Z. Dusseldorf. 
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The amount of air penetrating the bed 
of the FOLAX GRATE COOLER can be Other features are efficient heat re- 


adjusted independently of the amount cuperation, air quenching, effective 
of air required for the burning in the cooling permitting immediate grinding, 
kiln, and the cooler and kiln speeds low head room, low power consump- 
are independent of one another. tion and small maintenance cost. 










The FOLAX GRATE COOLER—the cooler with horizontal grate and positive 
conveying of the clinker—is supplied by : 


FL. SMMDTH ¢ C0. i. 


105, PICCADILLY, LONDON, W.I. 


TELEPHONE: GROSVENOR 4100 (17 lines 
TELEGRAMS: FOLASMIDTH, TELEX, LONDON. 
CABLEGRAMS: FOLASMIDTH, LONDON. 
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Prevention of Expansion of Cement made with 
Clinker Rich in Magnesia. 


THE results of tests on the expansion of cements with high magnesia content are 
reported by D. Nicoletti in ‘“‘I] Cemento” for March, 1955. The data were 
obtained from cement works in South America, and the clinkers tested had MgO 
contents higher than 5 per cent., which is the maximum permitted in the A.S.T.M. 
specifications. The main object was to obtain data related to operating conditions, 
which are not always easily adaptable to the strict control expected in a laboratory. 
The following is an abstract of the paper. 

The extent of the expansion and the gradual disintegration of concrete are 
not exclusively due to high MgO content, but depend also on the size of the peri- 
clase crystals as well as on the distribution of these crystals. This was shown 
by Gille’, who based his conclusions on microscopic observations. 

Debuisson® demonstrated the importance of C4AF as a stabiliser of MgO 
when he prepared perfectly stable laboratory hydraulic binders, of the Ferrari 
type with silicate characteristics, which had an MgO content of between 25 and 
80 per cent. The silica modulus varied from 2 to 1-2. The alumina modulus was 
kept constant in order to ensure complete elimination of C,A and to obtain total 
combination of the alumina present in Brownmillerite. In spite of the high satura- 
tion of the products, which at times exceeded 100 per cent., the low free-lime 
content found in them showed that the burning process was complete. Micro- 
scopic study showed the presence of periclase in its free state in samples containing 
more than 50 per cent. of MgO. In order to find the stabilising limits of C,AF, 
Debuisson subjected to burning a mixture free from silicates. This contained up 
to ro per cent. of C,AF and go per cent. of MgO; it was perfectly clinkered at 
1490 deg. C. and was completely stable in water. 


(1) 
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The results of these and other tests convinced the author that C,AF is an excel- 
lent stabiliser for MgO and that it is capable of a comparatively efficient trans- 
formation of considerable amounts of MgO into a non-expanding compound. 
In 1953-1954, in manufacture by the wet process, it was often necessary to use 
high-magnesia raw materials producing a raw mixture containing between 3:5 
and 4:5 per cent. of MgO. Clinker made from such raw materials would fail in the 
autoclave test for volume stability (A.S.T.M. Specifications C-151-4g), as its 
MgO content varied regularly between 5:5 and 6-5 per cent. and in exceptional 
cases was as high as 7 per cent. 

It was imperative to control production and maintain quality at a constant 
acceptable level, even if high-magnesia raw materials were used, and bearing in 
mind the investigations of Balthasar, Gillet, and Debuisson5, it was decided to 
adjust the Fe,O, content of the raw mixture, and material containing 75 to 80 
per cent. of Fe,O, was used for this purpose. The amount of the addition was at 
first large and then gradually reduced in order to avoid rapid variations in the 
alumina modulus, and the effect on expansion was noted. The results were satis- 
factory, and are given in Table I together with the chemical analyses of the 
corresponding clinkers. 

Fig. 1 shows the results obtained on I-in. by r1-in. by 10-in. specimens of 
cements made from such clinkers with 3 per cent. of gypsum. The specimens were 
exposed to the action of steam in an autoclave at a pressure of 300 lb. per square 
inch at 215 deg. C. The unnumbered specimen in Fig. I was not steam cured and 
served as a basis of comparison. Free lime in the clinker was determined by White’s 
method. From the time necessary for the appearance of calcium phenate crystals, 
and from their number, an indication was obtained of the amount of free lime 
present. It was therefore thought unnecessary to make accurate quantitative 
determinations of free lime. The rest of the specimens were made of clinker 














Table I 
Test| SiO, AlzOg | FegOg | CaO MgO | Expan- | Silica | Alumina} Satur- 
No. sion | modulus modulus| ation 
1 | 21-56 5°73 3°31 | 63-60 5°37 . 2-38 238 | 673 "73 92 
2 | 21-60 5°52 3°32 | 63-50 5°47 . 2°44 | 1-66 92 
3 | 21°45 5°53 3°62 | 63-60 5°25 . 2°34 1°52 92 
4 | 21-40 5'60 3°71 63°62 5°25 2-00 2.29 150 92 
5 | 21-06 5°77 3°85 | 63°59 5°36 0°36 2-18 1°49 93 
6 | 21-00 5°85 4°03 63-60 5°43 0°50 2-12 1°45 93 
7 | 20.68 5-39 4-37 63°64 5°30 0-30 2-11 1°23 95 
8 | 20-62 5°25 4°38 63°70 5°44 0°24 2°14 I-19 95 
9 | 20°52 5°28 4°48 63°40 5°34 0-40 2-10 1'I7 95 
Io | 20°20 5°44 5°04 63°56 5°52 O19 4°92 1'07 96 
Ir | 20:28 5°43 5°33 63°58 5°40 0°37 1°88 I-O1r 95 
I2 | 19°92 S'rr 5°09 63°59 5°57 OrI5 1°95 1:00 97 
13 | 20°32 5°46 4°50 63°64 5°25 0-30 2°03 I-21 96 
14 | 21-12 5°60 4°03 63°56 5°50 0-60 2-08 1-38 93 
15 | 21°20 5°24 3°67 63°80 5°33 1°50 2°37 1°42 94 
16 | 20-98 5°73 3°59 | 63°63 5°49 1:20 2°25 1°59 94 
17 | 21-48 5°74 3°44 | 63°61 5°50 sone 2°33 1°66 92 


| 
“*It was not possible to test these specimens after the autoclave test. 








ss scceaiintehdiomemcined 
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Fig. 1. Fig. 2. 


with an average bulk density of 1,400 gr. per litre, and with only slightly greater 
saturation. An exception was made in the case of specimens Nos. 7 to 13, which 
correspond to Type III A.S.T.M. (high-early strength) cement, and which con- 
tained sufficient CaO to cause expansion. Free lime in the steam-cured specimens 
caused expansion of a type that could be easily distinguished from the usual 
magnesia type of expansion. Fig. 2 shows specimens made from cement containing 
5°3 per cent. MgO and 1-75 per cent. CaO, and it is seen that expansion caused by 
CaO is equal to that due to MgO. 

For technical and economical reasons the addition of iron was limited so as to 
obtain the minimum value, namely 1, of the alumina modulus. Specimens sub- 
jected to tests lasting longer than thirty to forty days showed that, with alumina 
moduli varying from 1-5 to 1, it is possible to stabilise clinkers containing up to 
6 per cent. of MgO. For MgO contents between 6 and 7 per cent., which was the 
upper limit in the tests, the results were less reliable and the expansions were 
very much greater. On the evidence concerning Fe,O, obtained from the tests, 
and also from Debuisson’s investigations, the author is convinced that the expans- 
ive influence of a small percentage of MgO can be easily counteracted by lowering 
the alumina modulus as far as the equimolecular ratio or the sesquioxides (0-64); 
such a clinker has all the characteristics of Ferrari-type cement. 

Whilst recognising the importance of the alumina modulus, it is not claimed 
that this is the only factor causing expansion; rapid cooling of clinker has an 
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Table II 
ws ail | | 
Kiln} Expan- | SiO, {| Al,O3; | Fe,O, CaO 
No. sion | | 

r* $ 21.50 5.10 3.70 62.56 
Pay See 21°40 4°98 3°70 62°36 
ie t | 24-42 5°29 3°59 62-12 
| 2 t. . [vehOg | -a95 3°47 | 62-32 

I 0-44 | 21-28 | 5:25 3°59 62-72 
| 2 : | 2r-12 |  §:06 3°42 62-64 
Le o-50 | 20:86 | 4°78 3°79 | 63°28 
i recap ae t | 25-24 | 4°72 3°64 | 63°12 

Ri ete 21-22 4°55 3°49 | 62-76 

ie : 21°36 | 4°67 3°49 | 62-72 

I 0°56 2150 | 4°77 3°99 63:08 

2 : | 23-52 | 4*60 4°04 62-96 
| iz o-15 | 21-30 | 492 3°76 62-28 

2 0°27 21°44 4°66 3°70 | 62°44 

I I°I2 20-96 4°39 4°40 | 62:04 

2 t 21°12 4°40 4°44 | 62°56 
| I | O25 | 21-40 4°98 3°82 62°56 

2 t | 21-28 5°30 3°82 62°64 
| I ~ | 21-46 5°04 3°76 63°16 
me t | 21°66 4°98 3°70 63°26 
Le t 21°36 4°70 3°82 63°20 
8 0°27 | 21°14 4°95 3°85 | 63°56 
| I 0-42 | 21°26 5°56 3°64 63°12 
| 2 t 21°34 5°34 3°74 | 63°24 
| x 0-77 | 21-36 4°77 3°79 | 63°08 
| 2 O°51 21°08 5°09 3°79 63°00 











* Kiln of Schmidt type (1933): 2°55m by 2°55m by 76m. 


MgO 


6:97 
6°92 
6°65 
6°63 
6°39 
6°40 
6°27 
6°40 
6:27 
6°34 
6°39 
6°43 
6-42 
6°47 
6-66 
6°31 
6°47 
6°49 
6°44 
6°33 
6-01 
5°94 
6:40 
6°43 
6°39 
6:21 
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Silica 


Alumina 


modulus} modulus 


2°44 
2°46 
2°41 
2°57 
2°40 
2°49 
2°45 
2°54 
2°63 
2-61 
2°45 
2°49 
2°45 
2°56 
2°38 
2°38 
2°43 
2°33 
2°43 
2°49 
2°50 
2°40 
2°31 
2°35 
2°49 
2°37 








1°37 
1°34 
1°47 
1-42 
1-46 
1°47 
1:29 
1:29 
I-30 
1°33 
I'Ig 
1°13 
1*30 
1°25 
0-99 
0:99 
I*30 
1°38 
1'34 
1°34 
1°23 
1:28 
1°52 
1°42 
1'25 
1°34 





Satur- 
ation 


91-40 
91°70 
90-90 
91-40 | 
92°40 | 
93°20 
95°50 
93°90 
93°30 
93°00 
92°40 
92°30 | 
92°40 

92°10 

93°10 

93°20 

91°90 

92-00 

92°50 
92:00 
93°40 
94°40 
92°50 
92°60 
93°10 
93°60 


+ Schmidt type kiln (1946) with 


patent slurry preheating system: 2°55m by 2:°85m by 80m. }{ Expansion was too great to be 
measured in the available apparatus. 















































Table III 
| Mixture Tensile strength Compressive strength 
Test (composition | Expansion (Ib. per sq. in.) (lb. per sq. in.) 
per cent.) | (per cent.) — — 1 
3 days | 7 days | 28 days} 3 days | 7 days 28 days 
Fly-ash 86 | | 
A | Sand 10 0:26 425 | 447 450 2275 3289 3967 
Gypsum 4 
Fly-ash 96 
Gypsum 4 | Very strong 345 392 440 2479 3653 4242 
Fly-ash 91 | 
B | Sand 5 0-28 330 | 405 490 2358 2735 3930 | 
Gypsum 4 
Fly-ash 96 
Gypsum 4 | Very strong 335 407 415 2204 2955 3840 
Fly-ash 81 | 
c Cinder 15 0*32 345 352 425 1542 2275 3212 
Gypsum 4 
Fly-ash 96 
Gypsum 4 1:92 | 362 386 468 1680 2617 3912 
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Table IV 
ee es es | — : 
Percentage of CaCl, ° | O5 I 2 3 4 
| Normal consistency: | | 
Tensile strength (Ib. per sq. in.) 22 22 23 age. | as 23 
Compressive strength do. 58 58 eee fi ae | 58 58 
| 
Setting time: | 
Initial (hours and minutes) .. 2°00 +35 0°45 | 0-50 0°07 0°07 
Final (hours and minutes) .. 2°55 2°15 155 | 1:00 | 0:35 0-20 
Tensile strength (Ib. per sq. in.): . 
3 days ne 3 ie 227. | 207 310 | 322 | 252 | 250 
7 days & ie i 350 ae 37). 38 | BE Ss 
28 days 4 =a és 357 370 3) 30a.) 385 365 357 
| 
Compressive strength (lb per sq. | 
in.): | | 
3 days $i “a via 1636 | 1691 | Iorr | 2385 | 2661 | 2496 
7 days ws oh be 2518 2490 | 2661 | 2699 | 2993 | 2618 
28 days ee ee sie 4005 | 3873 | 2958 | 3416 | 4297 | 3620 
| Expansion (per cent.) .. -. | Very Strong | I-Ir o-18 o19 | oat 
strong | | 
| | 








important influence on the stabilisation of MgO, as was proved by Bogue‘®. 
Balthasar and Debuisson have also indicated that the time of travel of clinker 
through the burning zone and the temperature of the burning zone are also con- 
tributory factors. Proof of this was provided by clinkers made from the same raw 
mixture but burned in two different kilns; one clinker had very strong expansion, 
whereas the other had almost none. In another case expansive clinker was pro- 
duced for a few days and then, without any change in the composition of the feed 
normal clinker was again produced. Several such cases are given in Table II. 

From what has been said, it follows that the manufacture of stable clinker from 
raw materials containing reasonable quantities of MgO is not as simple as could 
be assumed on the basis of purely laboratory investigations. The condition of the 
kiln should be as good as possible, and its operation should also be as regular as 
practicable. No rules can be put forward or definite remedies suggested, but 
for each works employing raw materials similar to those used in these tests the 
best working conditions should be determined. 

Tests were also made on cements with MgO contents higher than those per- 
mitted by the A.S.T.M. Specification, having alumina moduli between 1 and 1-5, 
with additions of Ottawa standard sand and pulverised-fuel ash (fly ash); the 
ash was added because of its soluble silica content and pozzolanic characteristics 
in the presence of lime. The cement contained 0-7 per cent. MgO and had an 
alumina modulus of 1:27. Its expansion was so great that the test bars, after 
the autoclave treatment, could not be used in the standard expansion measuring 
apparatus. 

The cement in test C (Table III) contained 6-39 per cent. MgO and had an 
alumina modulus of 1-4. The clinkers were ground in a laboratory furnace with 
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varying quantities of MgO stabilisers. The results of the tests (Table III) show 
that cements that normally would fail in the autoclave test can be stabilised by 
the additions without appreciable loss of strength. It is not clear what is the actual 
physico-chemical mechanism of the action of such stabilising materials. 

In another series of tests varying amounts of CaCl, were added to cement. 
This compound, apart from its effects on mechanical strength and setting time, 
was found to have also a positive action in reducing expansion caused by mag- 
nesia; this may be due to its influence on the shrinkage of cements, which would 
. tend to counteract the expansion. Test data relative to these tests are given in 
Table IV. 

The problem is complex, and affects cement manufacture and costs. Much 
research is necessary to find a process that permits the use of raw materials that 
are now considered to be unsuitable. 


BIBLIOGRAPHY.—" F. Gille, Zement-Kalk-Gips. 1952, (5), p. 146. * H. Kiihl and E. L. 
Meyer. Tonind Ztg. 1934, 58, Nos. 1, 3, and 4. * W. Eitel. Zement Prot. 1936, 1, p. 139. 
4H. E. Schwiete and H. Strassen. Zement, 1936, 25, p. 861. § A. Debuisson, Rev. Mat. 
Constr. 1950, No. 412, pp. 9-15. ®R. H. Bogue. The Chemistry of Portland Cement. 


Determination of Magnesium Oxide in Portland Cement. 


A METHOD that, compared with the procedure of the present method specified by 
the American Society for Testing Materials, reduces by up to two hours the time 
required to determine the magnesium oxide content of Portland cement is 
described by Mr. Leonard Bean and Miss Nancy Tucker (of the U.S. National 
Bureau of Standards) in the Bulletin of the American Society for Testing Materials 
for October 1954. The new method dispenses with the standing period of one 
hour that is necessary in the present method. 

The effects of standing the solution on a steam bath for 15 minutes and 
30 minutes at room temperature were first tried, and no significant differences 
in results were obtained compared with the present A.S.T.M. and Federal methods. 
Then the effect of increasing the volume of the calcium oxalate precipitation 
from 200 ml. to 300 ml. was studied and again no significant differences in results 
for MgO were obtained. Finally a table was prepared giving the combined 
effects on the MgO determination of reducing the time and increasing the volume 
for the calcium oxalate precipitation. These results showed that nearly identical 
results were obtained for MgO by leaving the volume at 300 ml. and allowing the 
calcium oxalate to stand on a steam bath for 15 minutes as by the present A.S.T.M. 
and Federal methods. Steam bath digestion obviates the need to re-heat to 
70 deg. C. It is estimated that the modified procedure shortens the time required 
to determine the magnesium oxide in six samples of cement by 1} to 2 hours. 
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A Russian Conference on the Chemistry of Cement. 


A CONFERENCE on cement chemistry was held in Moscow in January last year at 
which more than 500 representatives of the Soviet and Polish cement industries 
were present. 

Tne first group of reports, by Professor V. N. Yung and others, related to the 
burning of Portland cement clinker in rotary kilns and some defects of the process, 
such as excessive fuel consumption, loss of cement in the exhaust gases, and 
irrational operation of the drying zone. It was suggested that attention might be 
given to the suspended method of burning in the first stages and to more rapid 
cooling in order to enhance the quality of cement. - 

In connection with the crystallisation of celite, it was pointed out that cen- 
trifuging of finely ground clinker in relatively heavy liquid suspensions, with 
accurate measurements of the crystallo-optic constant and of the constants of 
the crystal lattice by X-ray methods, showed crystallisation within the clinker of 
solid solutions of the alumino-ferrite phase markedly enriched with alumina 
compared with tetra-calcium alumino-ferrite. It seemed clear that the former was 
not a separate chemical compound, but an intermediate phase in a series of solid 
solutions forming 2CaO.Fe,O, and 5Ca0.3A1,0;. In the presence of fluorine 
salts, crystals ot the alumino-ferrite phase of high-alumina content decompose to 
5CaO. 3Al,0, and alumino-ferrite of the approximate composition 6CaO.A1,03. 

It was stated that in some kilns a considerable amount of tricalcium silicate is 
formed as a result of reactions in the solid state, and that the crystals are larger 
than when formed from a melt. With rapid cooling the amount ot C;A (tricalcium 
aluminate) in the clinker is increased since the solution of calcium aluminates in 
alumino-ferrites is a long process. Therefore the view that tricalcium silicate is 
formed only thiough the liquid phase requires more precise confirmation. A study 
of the structure of C,S with high-temperature ionising X-ray apparatus permitted 
the conclusion that this compound exists in two modifications, namely the alpha 
form stable above 1375 deg. C., and the beta form stable up to tnat temperature. 

A report on the tneory of accelerated reactions in mixtures of solid materials 
gave various explanations of the action of mineralisers, including the suggestion 
that these should be regarded as fluxes or fusing agents. It was suggested that a 
very small amount might gradually pass into the liquid phase and intensify 
tne reaction, but if used beyond a definite limit there would be no such result. 
In a paper on the effect of fluorides on the accelerated formation of clinker, it 
was observed that in solid-phase reactions there was a fairly deep disturbance 
of the framework or lattices of the 1eacting components, due to decomposition of 
the fluorides at high temperature in a wet medium, with formation of gaseous 
hydrogen fluoride activated by the alumina of the mixture. Other factors were the 
accelerated polymorphous conversion of the crystalline forms of the silica, and the 
formation of intermediate compounds catalytically stimulating the interaction of 
calcium oxide with silica. The importance was emphasised of uniformly small 
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grain size of the alite structure, ensured by a high coefficient of saturation and 
homogeneity of the mixture (fine grinding), and by hard burning in the 1500 to 
1520 deg. zone and suitable conditions of cooling. 

Professor E. Gzhimek, of the Mining & Metallurgical Academy at Cracow, 
gave an account of recent research in Poland, especially in regard to cements for 
winter concreting and foi rapid construction. He said that chemical accelerators 
of setting and hardening, such as calcium chloride or aluminium chloride, soda, 
and sodium silicate solution, caused too rapid setting and large changes of volume. 
It was better to vary the mineral content of Portland cement and the structure 
of the C,S (tricalcium silicate). An example of quick-setting cement was suggested 
as being composed of 60 per cent. C,S, 20 per cent. C,S, 12 per cent. C,A (aluminate) 
and 8 per cent. C,AF (tetracalcium alumino-ferrite), with a saturation coefficient 
of 0-85. A change in structure of the C,S resulted in smaller crystals and an in- 
creased ratio of geometrical axes, by which setting was accelerated and more heat 
evolved. If the usual grain-size of these crystals were about 4ou, and the axes 
ratio one or a little more, Professor Gzhimek considered it necessary to reduce the 
size of the crystals to less than 15y and the axis ratio to not less than 2. It was 
also essential to enhance the water-penetrability of the colloidal products of 
hydration of calcium silicates, and to have better control of production. 

In Poland a method had been developed of making quick-setting cement 
at the same time as a valuable product in the form of aluminium hydroxide, from 
a marl mixture. In the first burning stage calcium aluminate and a “ self-dis- 


persive ” gamma-form of C,S were obtained. The former was separated and 
converted into aluminium hydroxide and oxide, the latter being used in the pro- 
duction of aluminium and corundum. After removal of the aluminates the residue 
was suitable for the manufacture of quick-setting cement of fine crystalline struc- 
ture. 


The second group of papers related to the setting of cement and the improve- 
ment of its properties. Setting and hardening were associated in the first place 
with adsorption and the chemical dispersion (peptising) phenomenon of particles 
of cement interacting with water, and with coagulation and structural changes due 
to the crystallising of hydration products from the saturated solution. The sulphite 
liquors mostly augmented the adsorptive dispersion, primarily through the 
aluminate constituents, to modified crystallisation in new formations, and dis- 
couraged coagulative structures. The resistance of cement to frost was related to 
the presence of air in the particles, the proportion of gypsum, the structure of the 
clinker, and the introduction of different electrolytes and surface-active agents. 
In order to increase the durability of concrete it was suggested that it was necessary 
to control the structural formation of the cement core during setting. On the subject 
of the hydration of aluminates and calcium alumino-ferrites, it was found that, in 
the setting of high-alumina cement, for a period of one year no cubic form of 
calcium hydro-aluminate, or recrystallising of the nexagonal form into cubic, 
could be observed at a temperature of 35 to 37 deg. C. It was suggested that the 
cause of the reduction in strength of high-alumina cement at temperatures above 
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25 deg. C. was due to the nature and interaction of all the hydrated compounds 
formed, and to their changes under outsiae conditions, rather than to the cubic 
formation of hydrated calcium aluminate. The stability of hydrated calcium 
sulpho-aluminate formed in the presence of gypsum depended on the temperature 
and the ratio of solid and liquid phases. A laiger proportion of liquid phase and a 
higher temperature hastened decomposition of the sulpho-aluminate. 

A new method was described of studying the process of setting by means of 
water squeezed from the wet cement. It was suggested that the earlier gel formation 
was repelled from the surface of the hydrated particles by later formations of gel, 
and transferred to tne spaces between the particles. Such transfer of the products 
of reaction and their interlinking favour increased strength. In discussing the 
increase in volume during setting, which when constrained may develop large 
forces, it was pointed out that in distinguishing such forces the minimum external 
pressure under which there would be no observable increase in volume might be 
considered. Pressure due to expansion during hydration of finely ground low- 
magnesia lime exceeded 140 kg. per sq. cm. (2000 lb. per sq. in.), and in hydrated 
gypsum and high-alumina cement it was rather more than 30 kg. per sq. cm. 
(430 lb. per sq. in.). There was a possibility of using this expansive force in pre- 
stressing concrete. Another possibility was the strengthening of concrete by load- 
ing at an early stage, involving probable changes in the structure of the cement 
core and the concrete, for example, through plastic deformation. 

The final group included several papers on concrete products made with wet 
mixtures and steam cured. A new form of structural material was described, 
namely autoclaved “ argillaceous-lime ” products. It was pointed out that not 
only silica but also alumina—in silicate products of lime base—intereacted under 
hydrothermal treatment with hydrated calcium oxide (calcium hydroxide) 
whereby hydro-silicates and hydro-aluminates of calcium were formed. This 
phenomenon also occurred in “ argillaceous-lime ” products. 

A delegate from the Warsaw Polytechnic Institute said that steam treatment 
should depend upon, the heat evolution of concrete and other factors; for example, 
after six hours’ steam curing the strength at twenty-four hours was much greater 
than when steam curing was carried out for two or four hours. During the rapid 
hydration associated with considerable evolution of heat, it was not desirable to 
subject concrete to a high temperature. A three-shift cycle of eight hours each 
was recommended for steam curing. <A professor from the Polish Academy of 
Science reported on wet mixtures of slags and lime and tne production therefrom 
of concrete blocks and bricks. The slag was screened to 2 mm. or 5 mm. size 
in order to remove some of the unburnt fuel and then ground in a ball mill. Some 
40 to 50 per cent. of lime was added and 0:5 to 1 per cent. of an activator. Steam 
curing of such mixtures was particularly effective. 

The same author reported on the wet grinding of granular blast furnace slags 
with the subsequert addition of Portland cement or lime, with ground gypsum. 
The specific surface of the ground material was 4000 to 5000 sq. cm. per gramme, 
This material was well suited for making concrece blocks. Lightweight or aerated 
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concrete could be produced from it, using various chemicals and aluminium 
powder as the foaming agent. Another new form of building material was prepared 
with 65 per cent of loess clayey soil or loam, 35 per cent. lime, and water to about 
80 per cent. of the weight of the dry constituents. Its strength was 130 kg. per sq. 
cm. (1850 Ib. per sq. in.). 

A Russian speaker reported on the burning of Poitland cement clinker in air 
suspersion, as reported in this journal for September, 1955. 

Another new form of quick-setting cement was described, using steaming, and 
consisting of 55 to 65 per cent. Portland cement, 3 to 6 per cent. high-alumina 
cemert, 7 to 12 per cent. gypsum dihydrate (presumably ordinary gypsum), 
and 25 to 30 per cent. active minerals. It was pointed out that many new forms of 
cement and pioposals to improve cements were based on tne hardening of sulpho- 
aluminate which is unstable under certain conditions. Therefore before recom- 
mending such cements for large building works it was essential to undertake re- 
search on the life and stability ot sulpho-aluminate. Adhesiveness was obtained 
under conditions of ‘‘ conglomerative adhesion ’’ in solutions or mixtures ana by 
close union of the bonding elements with fillers, ensuring maximum strength for 
the whole. Tne foregoing is abstracted from “‘ Zhurn. Prikladn Khim.” 1955, 
28 (6). 


Quarry Vehicles Driven from Overhead Power Lines. 
According to ‘‘ Pit and Quarry ”’ (published in Chicago) end-tipping vehicles 
of 25 tons capacity operated from overhead power lines are being used in quarries 
in Russia. It is claimed that these vehicles are cheaper to make than oil-driven 
vehicles, and that the overhead line from the quarry to the crusher can be used 
for a long period before it has to be extended or part of it moved to a new face. 


New Cement Works in Spain. 


The firm of Rodriguez Herrara has been authorised to build in Cieza (Murcia) 
a cement works with a capacity of 75,000 tons a year. 


Proposed Lime Works in The Bahamas. 


It is reported that Bahama Chemicals, Ltd., proposes to build in the Bahamas a 
lime works with a capacity of 100,000 tons a year. 


A Vertical Kiln in Kenya. 


A new vertical kiln at the Bamburi cement works, near Mombasa, started 
production in August, 1955, and is now producing at the rate of 100,000 tons a 
year. The Bamburi works is claimed to be the largest cement factory in the British 
Commonwealth in which vertical kilns are used. 
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Vickers 
Mills— 


Closed 
Circuit 
Grinding 


3 
* 
f 
r 
} 


Though a ‘closed circuit’ 
makes it easier to control 
production to a specific 
fineness, consistent ac- 
curacy depends upon the 
plant being reliable. The 
trouble-free running syno- 
nymous with Vickers mills 
demonstrates, in fact, that there is no 


substitute for skill and experience 


VICKERS-ARMSTRONGS 


rntodinti weetie backed by manufacturing capacity. 


VICKERS HOUSE - BROADWAY LONDON swWIi 
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Balls Uellets 


Manufactured in hard white “* WYCHRO ”’ iron, 
giving extremely good wearing qualities, these are widely 
used by manufacturers of cement and paint at home and 
abroad. Any size ball or pellet can be made to customer's 
specification. Please send for our illustrated folder. 


Our highly mechanised plant has been specially installed 
for the production of grinding media and mill linings. 
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The Permeability of Portland Cement Paste. 

In the Journal of the American Concrete Institute for November, 1954, a paper 
is given on tests by Mr. T. C. Powers, Mr. L. E. Copeland, Mr. J. C. Hayes, and 
Mr. H. W. Mann on the permeability of Portland cement pastes. It is stated 
that the paste is a continuous body enveloping and isolating the individual 
particles of aggregate. The over-all permeability is a function of the perme- 
ability of the paste, the permeability of the particles of aggregate, and the 
relative proportions of the two. Fissures under the particles of aggregate formed 
during the period of ‘‘ bleeding,” and cracks caused by volume-change restraint, 
also play a part. The permeability of paste has also an important bearing on 
the vulnerability of concrete to damage by frost. It determines the relative 
ease with which the cement paste and the aggregate may become resaturated 
after drying, and it is a principal factor determining the destructiveness of 
freezing when the paste becomes saturated. 

The results of the tests are summarised as follows. 

(1) The permeability coefficients of fresh paste with a water-cement ratio 
of 0-5 range from 5 x10-5 to 8 x10-> cm. per second for four cements having 
different chemical analyses but the same specific surface (1800 Wagner). The 
permeability coefficient with a water-cement ratio of 0-7 was 2 x1o0~ for the 
same cement that had a coefficient of 0-6 x 10-4 with a water-cement ratio of 0°5. 

(2) The permeability of mature hardened paste is between 1 millionth and 
one r0-millionth of that of fresh paste. It ranges from o-r x10! to about 
120 X107!2 cm. per second with water-cement ratios ranging from 0-3 to 0-7 
by weight. 

(3) Mature hardened pastes made with coarsely-ground cements are no 
more permeable than those made with finely-ground cements when the pastes 
have equal total porosities; the indications are that they are slightly less perme- 
able. However, the ultimate porosities of pastes made with coarsely-ground 
cements are likely to be higher than those made with finely-ground cements if 
the initial water-cement ratios (corrected for “‘ bleeding ’’) are equal. 

(4) Pastes made with Portland cements differing in chemical composition 
have similar permeabilities when the initial water-cement ratios (corrected for 
‘‘ bleeding ’’) are equal and when equal fractions of the different cements have 
become hydrated. At a given age and given water-cement ratio, pastes made with 
cements that hydrate slowly have higher coefficients of permeability than those 
made with cements that hydrate rapidly. 

(5) The foregoing conclusions pertain to the permeabilities of pastes that 
have never been allowed to dry. Drying increases the permeability. For the 
specimens reported, drying at 79 per cent. relative humdity increased the perme- 
ability about seventy-fold. 

(6) Samples of various rocks free from visible flaws had permeability co- 
efficients ranging from 3 x 10-8 to 2 x10-*. This corresponds to the permeability 
coefficient of mature hardened Portland cement paste having a water-cement 
ratio of 0-38 by weight at the low extreme, and ¢-7 by weight at the high extreme. 
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A Patent Cement Kiln. 


A BRITISH patent (No. 694,430), January 5, 1951 has been granted to F. P. 
Somogyi for a kiln which is described as follows. (Publication of British patent: 
has been delayed due to the war.) 

Apparatus for sintering materials or for burning cement, lime, etc., com- 
prises a battery of six kilns (see Figs. 1 and 2) in the form of open-ended cylinders 
having a height and diameter of 14 metres and suspended on a structure carried 
by an outer ring (40) adapted to revolve about its own axis on rollers (49) sup- 
ported by rails (50), whereby the cylinders slide over a stationary annular base- 
plate (48) provided with circular apertures having grates at the operational 
stations (41-45). Mixed raw material and fuel are charged at station (41) and 
treated material discharged at station (46) on to a conveyor (54). 

The burning process is started at station (42), and continued at stations 
(43, 44) by arranging suction boxes beneath the grates in these positions, burning 





being completed at station (44). Air drawn through the kiln in the position 
(45) to cool the treated clinker is delivered to the freshly charged kiln in position 
(42) for preheating and ignition purposes via a suction-box (51) and duct (52), 
and passes to waste through a suction-box (53) connected to a pump. If necessary, 
the air temperature may be increased by a burner in the connecting duct (52). 

In a modification (Fig. 4) twelve fixed kilns provided with bottom-hinged 
grates (57) are supported on a circular scaffolding (56), each kiln having below 
it a combined chute and suction-box (58) connected to a duct (65) leading to 
an air-pump, each chute having a hinged door (59) through which the charge 
may be deposited on to a rotary annular disc (60) provided with a scraper (64) 
to divert the charge on to a conveyor (63). For charging the kilns, a hopper (66) 
centrally disposed within the scaffolding (56) feeds a radially disposed conveyor 
(67) carrying an ignition device and rotatably driven by a motor (68) and gearing 
(69). As in the previous embodiment, cooling-air drawn through a fired kiln 
may be supplied to preheat a freshly charged kiln, and the connecting duct 
may be carried rotatably with the charging conveyor (67). 
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‘GR’ REFRACTORIES 
meet every ROTARY KILN need 


Operational conditions in rotary cement kilns vary 
from plant to plant and because of this it is not 
possible to specify any single brand of refractory 
which is suitable or economical in all cases. To 
meet the varying requirements of users, General 
Refractories Limited manufacture a complete 
range of refractories including Basic, High 
Alumina, Firebricks etc. Full particulars concern- 
ing all these refractories are available on request. 


The G.R. Technical Organisation is at the service 
of users who may require assistance on the selection 
and application af cement kiln refractories. 


GENERAL REFRACTORIES LTD (Uy 


GENEFAX HOUSE ° SHEFFIELD 10 ° TELEPHONE SHEFFIELD 31113 
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Technical information 
on these and other GR 
products sent on request wk 
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A roller to spare! 


Spares for Cement Plant 


This roller and shaft is an Edgar Allen replacement part 
for a rotary kiln at one of the works of British Portland 
Cement Manufacturers Ltd. Weighing more than 224 cwts. 
the roller is 5 feet in diameter. 


We have provided all kinds of equipment and spares for 
plants varying in output from 35,000 tons per annum to 
120,000 tons per annum. The reply form, below, will bring 
you details of the comprehensive range of Edgar Allen 
cement plant machinery. 


ED/34/CLM 
To EDGAR ALLEN & CO. LTD. 
SHEFFIELD 9 
Please send your book ‘* SPARES FOR 
SAND AND GRAVEL” to:— 





by. Concrete PusiicaTions. Ltp., 14, Dartmouth Street, London, S.W. 1, Englani. _ 
Printed. in'G Great Britain by Corwwatt Press Lro., 1-6, Paris Garden, Stamford Street, tomion, 8.E.1. 








